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Calspan Corporation 

I I n  January  of 1983, a team w a s  formed by AEDC t o  e x p l o r e  tes t  methodologies  and 
tes t  f a c i l i t y  c o n c e p t s  r e q u i r e d  t o  meet t h e  needs of f u t u r e  space-based s u r v e i l l a n c e  
systems.  T h i s  team w a s  composed of members from t h e  A i r  Force and CalspanjAEDC 
D i v i s i o n  and involved  a c o n t r a c t  w i t h  t h e  Ralph M .  Parsons  Company who s u b c o n t r a c t e d  
t o  TRW Space and Technology Group, JAYCOR, P i t t s b u r g h  D e s  Moines C o r p o r a t i o n ,  and 
Cryogenic Vacuum I n c o r p o r a t e d .  The o u t p u t  of t h i s  s t u d y  w a s  a road  map of tes t  
methodologies  and tes t  f a c i l i t i e s  t h a t  w i l l  a i d  t h e  development of t h i s  c o u n t r y ' s  
c r i t i c a l  space-based s e n s o r  assets.  T h i s  paper  i s  a condensa t ion  of t h o s e  r e s u l t s .  

INTRODUCTION 

I n  May of 1984 t h e  A i r  Force Systems Command d e s i g n a t e d  AEDC as t h e  Center  of 
E x p e r t i s e  f o r  space  environment-s imulat ion t e s t i n g .  I n  t h i s  c a p a c i t y ,  t h e  Center  i s  
t o  p r o v i d e  t h e  tes t  and e v a l u a t i o n  e x p e r t i s e  i n  s e v e r a l  a s s i g n e d  f u n c t i o n a l  areas, 
i n c l u d i n g  space  s e n s o r s .  
c h a l l e n g i n g  when one c o n s i d e r s  t h a t  t h e y  must be a b l e  t o  o p e r a t e  i n  a thermonuclear  
environment a g a i n s t  ex t remely  l a r g e  numbers of t a r g e t s .  T h i s  p r e s e n t s  a unique  
problem f o r  t h e  tes t  and e v a l u a t i o n  of such systems.  For example, i n  t h e  develop- 
ment c y c l e  f o r  a new a i r c r a f t ,  e n g i n e s  and a i r f r a m e s  are f i r s t  thoroughly  ground 
t e s t e d ;  t h e n  t h e  assembled a i r c r a f t  is  s u b j e c t e d  t o  an  e x t e n s i v e  f l i g h t  test pro- 
gram. T h i s  e v e n t u a l l y  i n c l u d e s  i n t e n s i v e  o p e r a t i o n a l  t e s t i n g  p r i o r  t o  t h e a t e r  de- 
p loymen t . 

The t e s t  and e v a l u a t i o n  of such systems i s  p a r t i c u l a r l y  

C e r t a i n l y  no one would recommend going d i r e c t l y  from component ground test t o  
system deployment. The s i t u a t i o n  t h a t  f a c e s  t h e  space-based s e n s o r  deve loper  is  an 
i n a b i l i t y  t o  test h i s  system i n  o r b i t  a g a i n s t  a r e a l i s t i c  a t t a c k  s c e n a r i o  i n c l u d i n g  
t h e  thermonuclear  environment.  T h i s  means t h a t  t h e  " f l i g h t  and o p e r a t i o n a l ' '  t e s t i n g  
must be performed i n  ground tes t  f a c i l i t i e s .  The s i m p l i s t i c  approach t o  a d e q u a t e  
ground t e s t i n g  i s  t o  t r y  t o  s i m u l t a n e o u s l y  c a p t u r e  t h e  e n t i r e  o p e r a t i o n a l  s c e n a r i o  
i n  a ground t e s t  environment.  T h i s  is  analogous t o  a f l i g h t  of a f u l l - s c a l e  a i r -  
c r a f t  i n  a wind t u n n e l  a t  t h e  proper  a l t i t u d e ,  a i r  t e m p e r a t u r e ,  Mach and Reynolds 
numbers. The tes t  methodology t h a t  h a s  developed i n  the ground t e s t i n g  of space- 
c r a f t  h a s  shown t h a t  t h e r e  are ways t o  " take  t h e  problem a p a r t , "  i . e . ,  de te rmine  
where t o  s u b s t i t u t e  s i m u l a t i o n  f o r  d u p l i c a t i o n  and s t i l l  o b t a i n  u s e f u l  d a t a .  T h i s  
development of a tes t  methodology i n  t h e  space-based s e n s o r  a r e n a  i s  p r e s e n t l y  i n  
t h e  e a r l y  s t a g e s .  The f o l l o w i n g  paragraphs  o u t l i n e  an approach which a d d r e s s e s  some 
of t h e  a p p l i c a b l e  methodology i s s u e s  and t h e  t e s t  f a c i l i t i e s  t h a t  r e s u l t .  

PERFORMANCE TESTING LEVELS 

Although a space-based s u r v e i l l a n c e  s a t e l l i t e  h a s  many components, t h e  prime 
f o c u s  of t h i s  paper  is  t h e  s u r v e i l l a n c e  s e n s o r .  It can  b e  d i v i d e d  i n t o  f o u r  major 
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e lements :  
F i g .  1 ) .  
a r r a y  and p r o g r e s s e s  t o  t h e  e n t i r e  payload.  

t h e  f o c a l  p l a n e  a r r a y ,  c r y o c o o l e r ,  s i g n a l  p r o c e s s o r ,  and t e l e s c o p e  ( s e e  
The i n i t i a l  performance l e v e l  t es t  d e a l s  s t r i c t l y  w i t h  t h e  f o c a l  p l a n e  

FOCAL PLANE ARRAY (FPA) LEVEL 

The f i r s t  l e v e l  of t e s t i n g  t o  be performed on t h e  s e n s o r  i n v o l v e s  t h e  FPA. 
There are t h r e e  d i s c r e t e  p a r t s  t o  t h i s  l eve l  of t e s t i n g :  
c h a r a c t e r i z a t i o n  w i t h  a s i n g l e  p o i n t  s o u r c e ,  and c h a r a c t e r i z a t i o n  w i t h  a d u a l  p o i n t  
source .  

f u n c t i o n a l  v a l i d a t i o n ,  

FPA F u n c t i o n a l  V a l i d a t i o n  

The g o a l s  of t h i s  l e v e l  of FPA t e s t i n g  are t o  e s t a b l i s h  a common A i r  Force FPA 
tes t  f a c i l i t y  t o  e l i m i n a t e  d i f f e r e n c e s  among b a s i c  f o c a l  p l a n e  e v a l u a t i o n s  per-  
formed i n  t h e  manufac turers '  p l a n t s .  Simple,  f l o o d e d ,  f o c a l  p l a n e  t e s t i n g  w i l l  be 
conducted from W/pixel  i n  AEDC'S Component Checkout Chamber (C3) as 
shown i n  F i g .  2 .  
w i t h  a r e t r a c t a b l e  mount f o r  t h e  f o c a l  p l a n e  t o  e n s u r e  a h i g h  tes t  a r t i c l e  through- 
p u t .  
c a l i b r a t e d  by t h e  N a t i o n a l  Bureau of S tandards .  The d a t a  from such tests w i l l  be  
computer-based f o r  ease of access and a n a l y s i s .  

t o  
The C 3  is  a 1.2-meter-diameter b e l l  j a r  and w i l l  be  c o n f i g u r e d  

The v a r i a b l e  i n t e n s i t y  blackbody s o u r c e  w a s  developed by AEDC and h a s  been 

FPA C h a r a c t e r i z a t i o n  w i t h  S i n e l e  P o i n t  Source 

The FPAs t h a t  show promise a f t e r  t h e  f u n c t i o n a l  v a l i d a t i o n  phase  of t e s t i n g  
w i l l  be t e s t e d  a t  t h i s  l e v e l  w i t h  blackbody f l o o d i n g  and t h e  u s e  of a s i n g l e  p o i n t  
source  ( s e e  F i g .  3 ) .  
ground can be e v a l u a t e d  a long  w i t h  s p e c t r a l  d i s c r i m i n a t i o n  and c r o s s t a l k .  
o r d e r s  of magnitude w i l l  a g a i n  be a v a i l a b l e  f o r  t h e  s i n g l e  p o i n t  s o u r c e .  
source  w i l l  be scanned over  t h e  FPA through a combinat ion of m i r r o r  and blackbody 
s o u r c e  motions c o n t r o l l e d  remote ly  d u r i n g  t h e  t es t .  

A t  t h i s  l e v e l  t h e  FPA r e s p o n s e  t o  a s i m u l a t e d  t a r g e t  and back- 
S ix  

The p o i n t  

FPA C h a r a c t e r i z a t i o n  w i t h  Dual P o i n t  Source 

Again, t h e  b e s t  FPAs from t h e  p r e v i o u s  test w i l l  be  advanced t o  t h e  d u a l  t a r g e t  
t e s t i n g .  
nology,  two t a r g e t s  w i l l  be  provided  t o  t h e  FPA ( s e e  F ig .  4 ) .  Each w i l l  be c o n t r o l -  
l a b l e  f o r  conduct ing  t a r g e t  t r a c k i n g j c r o s s i n g  s t u d i e s .  A l l  of t h e  above tests are  
envis, ioned as b e i n g  conducted w i t h  t h e  FPA cooled  by t h e  t e s t  f a c i l i t y  r e f r i g e r a t i o n  
machines.  The n e x t  l e v e l  of t e s t i n g  i n c l u d e s  t h e  f l i g h t  c r y o c o o l e r s .  

A t  t h i s  p o i n t ,  through t h e  u s e  of beam s p l i t t e r  o r  d u a l  p r o j e c t o r  tech-  

FOCAL PLANE ARRAY/CRYOCOOLER LEVEL 

A t  t h i s  p o i n t ,  t h e  FPA h a s  been t e s t e d  as much as p r a c t i c a l  as a s i n g l e  u n i t .  
The major i s s u e s  now i n v o l v e  t h e  i n t e r f a c e  problems between t h e  FPA and f l i g h t  cryo- 
c o o l e r ,  i . e . ,  v i b r a t i o n ,  thermal  u n i f o r m i t y ,  and thermal  s w i t c h i n g .  Some of t h e  
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tests p r e v i o u s l y  performed i n  t h e  C3 w i l l  be  r e p e a t e d  w i t h  t h e  f l i g h t  c r y o c o o l e r  i n  
p l a c e  of t h e  f a c i l i t y  r e f r i g e r a t i o n  d e v i c e s .  Basic c r y o c o o l e r  l i f e  t e s t i n g ,  re- 
q u i r i n g  o n l y  vacuum c o n d i t i o n s ,  can be performed i n  t h e  2- by 2-meter chamber shown 
i n  F i g .  5. 

FPA/CRYOCOOLER/SIGNAL PROCESSOR LEVEL 

A t  t h i s  l e v e l ,  t h e  a d d i t i o n  of t h e  s i g n a l  p r o c e s s o r  r e q u i r e s  t h e  t e s t i n g  of 
a b i l i t y  t o  i n t e r p r e t  complex s c e n e s ,  i . e . ,  more t h a n  two t a r g e t s .  Such tes ts  w i l l  
be  performed t o  i n v e s t i g a t e  t h e  s y s t e m ' s  a b i l i t y  t o  d i s c r i m i n a t e  among t a r g e t s  as 
w e l l  a s  perform k i l l  assessments .  T h i s  can be accomplished u s i n g  r e l a t i v e l y  s m a l l  
chamber o p t i c s  due t o  t h e  absence of t h e  s e n s o r  t e l e s c o p e  ( s e e  F i g .  6 ) .  T h i s  t es t  
methodology makes u s e  of p r o j e c t i o n  r a t h e r  t h a n  s o l i d - s t a t e  technology t o  produce 
t h e  complex scene .  AEDC h a s  c a r r i e d  o u t  extens ' ive s t u d i e s  i n  t h e  area of 
scene  g e n e r a t i o n ,  and w e  b e l i e v e  t h e  most promising t e c h n i q u e s  f o r  producing Long 
Wave I n f r a r e d  (LWIR) s c e n e s  to be s o l i d - s t a t e  thermal  emit ters  and p r o j e c t i o n  sys-  
t e m s  u s i n g  scanning  m i r r o r s .  

The b a s i c  advantage of s o l i d - s t a t e  scene g e n e r a t i o n  i s  t h e  p o t e n t i a l  f o r  l a r g e  
numbers of t a r g e t s .  However, t h i s  technology i s  s t i l l  developmental  and may have 
s e r i o u s  l i m i t a t i o n s  i n  p r o v i d i n g  wide dynamic range  and s p e c t r a l  f i d e l i t y .  

AEDC h a s  used d i r e c t  p r o j e c t i o n  of t a r g e t s  from blackbody s o u r c e s  r a t h e r  suc- 
c e s s f u l l y  i n  our aerospace  chamber 7V. This technology i s  b e i n g  improved through 
t h e  u s e  of m i x i n g l i n t e g r a t i n g  s p h e r e s  t o  produce s p e c t r a l l y  a c c u r a t e  t a r g e t s  f o r  u s e  
i n  d i s c r i m i n a t i o n / k i l l  assessment  t e s t i n g .  AEDC i s  a l s o  'developing a mechan- 
i c a l  m i r r o r  scanning  system des igned  t o  p r o j e c t  s p e c t r a l l y  a c c u r a t e ,  blackbody 
t a r g e t s  i n  a c ryogenic  environment.  Modules of f o u r  independent ly  c o n t r o l l a b l e  
t a r g e t  g e n e r a t o r s  are i n  t h e  p r o t o t y p e  s t a g e s  and are undergoing t e s t  a t  AEDC. 
Groups of t h e s e  p r o j e c t o r s  may be assembled as  shown i n  F i g .  7 t o  produce l a r g e  num- 
b e r s  of t a r g e t s .  

The methodology and test f a c i l i t i e s  r e q u i r e d  t o  e v a l u a t e  space  s e n s o r  h a r d n e s s  
h a s  a l so  been i n v e s t i g a t e d  a t  t h e  Center .  Although t h i s  t o p i c  i s  t h e  s u b j e c t  f o r  
another  p a p e r ,  the  r e su l t s  of our w o r k  have i n d i c a t e d  the need f o r  p i l o t  X - r a y  and 
l a r g e  X-ray t e s t  f a c i l i t i e s  f o r  e v a l u a t i n g  the hardness of t h e  FPA/cryocooler / s igna l  
p r o c e s s o r  combinat ions ( s e e  F i g s .  8 and 9 ) .  These f a c i l i t i e s  would be c a p a b l e  of 
producing fu l l - threa t - leve l -X-ray  f l u e n c e  levels and dose  ra tes  of t h e  a p p r o p r i a t e  
s p e c t r a  t o  e v a l u a t e  s e n s o r  performance.  

FPA/CRYOCOOLER/SIGNAL PROCESSOR~TELESCOPE 

F i n a l l y ,  t h e  s e n s o r  w i l l  be f u l l y  assembled and t e s t e d  € o r  o p t i c a l  performance 
through t h e  a d d i t i o n  of t h e  s a t e l l i t e  t e l e s c o p e .  A t  t h i s  level  of t e s t i n g ,  t h e  
s e n s o r  a p e r t u r e  d iameter  s i z e s  t h e  f a c i l i t y .  The broad c a t e g o r i e s  € o r  s e n s o r  test- 
i n g  a t  t h i s  l e v e l  are o p t i c a l  a l ignment ,  f o c u s ,  r a d i o m e t r i c  th roughput ,  and o f f - a x i s  
r e j e c t i o n  (OAR). AEDC h a s  performed s e n s o r  performance t e s t i n g  a t  t h i s  l eve l  i n  t h e  
aerospace  chamber 7V f o r  s e n s o r s  w i t h  e n t r a n c e  a p e r t u r e  s i z e s  less than  one-half-  
meter d iameter .  OAR t e s t i n g  f o r  s e n s o r s  of  t h e  same c l a s s  are c a r r i e d  o u t  i n  t h e  
Mark I aerospace  chamber as shown i n  F ig .  10. 
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One-Meter-Class Sensors  

For s e n s o r s  w i t h  e n t r a n c e  a p e r t u r e s  i n  t h e  one-meter class,  t h e  Mark I aero-  

I space chamber would have t o  be modi f ied  as  shown i n  F i g .  11 w i t h  t h e  a d d i t i o n  of a 
20-K c r y o l i n e r ,  c r y o - o p t i c s ,  and s o u r c e  g e n e r a t i o n  d e v i c e  t o  conduct  performance 
t e s t i n g .  
l a r g e  f a c i l i t i e s  o r  t h e  u s e  of a new tes t  methodology. One such O A R  methodology i s  
under i n v e s t i g a t i o n  a t  AEDC. The t r a d i t i o n a l  OAR t e s t i n g  i s  conducted i n  such a 
manner t h a t  t h e  l e n g t h  of t h e  r e q u i r e d  tes t  f a c i l i t y  is  a f u n c t i o n  of t h e  tes t  
a r t i c l e  e n t r a n c e  a p e r t u r e  and t h e  OAR a n g l e  ( s e e  F ig .  1 2 ) .  T h i s  r e s u l t s  i n  unac- 
c e p t a b l e  f a c i l i t y  s i z e s  f o r  s e n s o r s  i n  t h e  one-meter c lass .  An a l t e r n a t e  approach 
would be t o  map t h e  s e n s o r  e n t r a n c e  a p e r t u r e  w i t h  a c o l l i m a t e d  tes t  beam ( s e e  F i g .  
1 3 ) .  T h i s  technique  decouples  t h e  f a c i l i t y  l e n g t h  from t h e  tes t  a r t i c l e  e n t r a n c e  
d iameter .  Such a technique  w i l l  a l l o w  OAR t e s t i n g  of one-meter-class s e n s o r s  i n  t h e  
Mark I chamber. 

T r a d i t i o n a l  OAR t e s t i n g  f o r  s e n s o r s  of t h i s  class w i l l  r e q u i r e  e i t h e r  v e r y  

2- t o  3-Meter-Class S e n s o r s  

F i n a l l y ,  as s e n s o r s  move i n t o  t h e  2- t o  3-meter e n t r a n c e  a p e r t u r e  range ,  a new 
f a c i l i t y  w i l l  be r e q u i r e d .  The concept  d e f i n i t i o n  of t h i s  f a c i l i t y  was t h e  pr imary  
f o c u s  of t h e  C e n t e r ' s  c o n t r a c t  w i t h  t h e  Ralph M.  Parsons  Company. The f a c i l i t y  i s  
conceived as b e i n g  a v e r y  l a r g e  vacuum chamber ( 4 0  m e t e r s  i n  d i a m e t e r  by 65 m e t e r s  
long)  i n  which i s  mounted a high-performance o p t i c a l  bench. T h i s  f a c i l i t y  would i n -  
c l u d e  c ryopanel  modules c a p a b l e  of r a p i d  bui ldup/ removal  t o  e n s u r e  maximum f a c i l i t y  
f l e x i b i l i t y  w i t h  minimum o p e r a t i n g  c o s t s .  F i g u r e  14 shows t h e  SPACE f a c i l i t y  con- 
f i g u r a t i o n  f o r  OAR and m i s s i o n  performance of 2- t o  3-meter-class space-based 
s e n s o r s .  The d u a l  antechamber d e s i g n  and m u l t i p l e  b u i l d u p  bays e n s u r e  t h e  maximum 
throughput  f o r  t h e  f a c i l i t y ;  i . e . ,  t h e  tests are b u i l t  up on car ts  and t h e n  i n j e c t e d  
i n t o  t h e  f a c i l i t y .  T h i s  f a c i l i t y  w i l l  become a p a r t  of t h e  AEDC space  tes t  complex 
as a n a t i o n a l  asset .  

CONCLUSION 

AEDC i s  c o n t i n u i n g  t o  u p d a t e  and modify p l a n s  t o  p r o v i d e  r e q u i r e d  t es t  s u p p o r t  
i n  t h e  space-based s e n s o r  a r e n a .  T h i s  c o u n t r y ' s  f u t u r e  may w e l l  h inge  upon our  
p r e s e n t  and f u t u r e  r o l e  i n  space ,  and AEDC w i l l  c o n t i n u e  t o  develop t h e  t es t  
methodologies  and f a c i l i t i e s  r e q u i r e d  t o  t a k e  u s  t h e r e  s u c c e s s f u l l y .  
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Figure 10. Small sensor off-axis-rejection testing in AEDC aerospace chamber mark I 
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